Background: Homeless people have elevated mortality, especially due to external causes. We aimed to examine suicide and unintentional injury mortality levels and identify predictors in the homeless population. Methods: A nationwide, register-based cohort study of homeless people aged 16 years and older was carried out using the Danish Homeless Register, 1999Register, -2008. Results: In all, 32 010 homeless people (70.5% men) were observed. For men, the mortality rate was 174.4 [95% confidence interval (CI) = 150.6-198.1] per 100 000 person-years for suicide and 463.3 (95% CI = 424.6-502.0) for unintentional injury. For women, the corresponding rates were 111.4 (95% CI = 81.7-141.1) for suicide and 241.4 (95% CI = 197.6-285.1) for unintentional injury. Schizophrenia spectrum, affective, personality and substance use disorders were strongly associated with increased risk of suicide; the highest risk estimates were found for schizophrenia spectrum disorders among both men [hazard ratio (HR) = 3.1, 95% CI = 2.0-4.9] and women (HR = 15.5, 95% CI = 4.5-54.0). Alcohol and drug use disorders were predictors of death by unintentional injury for both men and women, whereas schizophrenia spectrum disorders and personality disorders were only significant predictors among men; the highest risk estimates were found for drug use disorders among men (HR = 2.2, 95% CI = 1.8-2.8) and women (HR = 3.1, 95% CI = 1.8-5.4). A history of psychiatric admission and emergency room contact were predictors for dying by suicide and unintentional injury. Conclusion: People in the homeless shelter population with a history of a psychiatric disorder constitute a high-risk group regarding the elevated suicide and unintentional injury mortality.
Introduction
H omeless people have elevated mortality levels. [1] [2] [3] [4] External causes of death such as suicide and unintentional injury are among the leading causes of death in this vulnerable population, 3, 5, 6 and homeless people have between 7 and 19 times the risk of dying from these causes compared with the general population. 1 Homelessness is associated with social deprivation, an unhealthy life style with elevated levels of psychiatric disorders, especially substance use disorders, 1, 7, 8 somatic disorders, 9 violence, 10 injuries 11 and unmet healthcare needs. 12, 13 In addition, homeless people are more frequently hospitalized at younger ages and more likely to be admitted for a psychiatric disorder than housed individuals. 14, 15 Substance use disorders can severely affect mental health; both cannabis and alcohol use are linked to a higher risk of mental disorders 16 and psychotic outcomes. 17 Previous studies indicate that the majority of days in psychiatric hospital care and the excess mortality in homeless people relate to substance use disorders. 1, 4, 5, 8 Furthermore, people with multiple or short stays in homeless shelters have been found to have increased risk of suicide. 2 However, more information on the mechanisms involved in the excess mortality due to external causes among homeless people is needed to improve their conditions of life. 18 Causes of death among homeless people have been studied, [3] [4] [5] [6] 19 but little is known about predictors of cause-specific deaths in this population. 2, 20 Psychiatric disorders are associated with increased risk of death by suicide 21, 22 and unintentional injury. 23 However, due to homeless people's high-risk profile and excess mortality, the predictors or the predictive value of known predictors of death from suicide and unintentional injury may differ from what has been found in the general population.
Danish nationwide registration of people in contact with homeless shelters provides us with a unique opportunity to examine suicide and unintentional injury mortality levels and to identify predictors.
Methods

Study population
All persons aged 16 years and older with at least one contact with a Danish homeless shelter during the study period from 1 January 1999 to 31 December 2008 were included. A further inclusion criterion was a valid Civil Registration System (CRS) number that is assigned to all Danish residents. A person was defined as homeless from the date of the first stay in a Danish homeless shelter during the study period.
Measures
Data sources
A longitudinal cohort design was applied using information from the Homeless Register, 24 the CRS, 25 the Psychiatric Central Register 26 and the Cause of Death Register. 27 The CRS number enabled individual-level linkage. 25 In Denmark, all residents in homeless shelters are registered with their CRS number in the Homeless Register, which is maintained by the National Social Appeals Board. 24 The CRS was used to obtain information on emigration and loss to follow-up. Data on causes of death were obtained from the Cause of Death Register. 27 Information on admissions to psychiatric hospitals since 1969 as well as psychiatric outpatient and emergency room contacts from 1995 was obtained from the Psychiatric Central Register. 26 Before 1994 psychiatric disorders were registered according to 8th revision of the International Classification of Diseases (ICD-8), 28 and thereafter according to the 10th revision ICD-10. 29 Individuals were classified into following groups of disorders: schizophrenia spectrum disorders, substance use disorders, affective disorders and personality disorders as described earlier. 1 
Outcomes of interest
The outcomes of interest were death by suicide (ICD-10: X60-X84, Y87.0) and unintentional injury (ICD-10: V01-V89, V90-V99, W00-X59, Y40-Y86, Y87.2, Y88-Y89). Deaths by events of undetermined intent were not included (ICD-10: Y10-Y34). 27 
Predictors of interest
We examined following potential predictors: history of psychiatric contact (any psychiatric contact where the patient has been diagnosed with a psychiatric disorder), schizophrenia spectrum disorders, alcohol use disorders, drug use disorders, affective disorders, personality disorders, specific types of registered substance use disorders (alcohol, opioids, cannabis, sedatives, cocaine, other drugs), type of psychiatric contacts (ever inpatient, outpatient, emergency room only) and psychiatric inpatient days (measured within the 5 years before the first registered homeless shelter contact) and number of contacts to homeless shelters within the first calendar year of contact (1, 2-5, >5).
Statistical analysis
Mortality rates (MRs) were calculated by sex and cause per 100 000 person-years as averages over the period 1999-2008.
Adjusted Cox proportional hazard regression models were constructed. People were considered at risk of dying by suicide and unintentional injury from their first homeless shelter contact and until death, emigration, loss to follow-up or end of study, whichever came first. The time unit was number of days. Initially, we tested if gender interacted with psychiatric contact with regard to death by suicide and unintentional injury. The regression analysis included 22 508 men and 9439 women, as 63 individuals were excluded from the analyses because of negative follow-up time (i.e. if a person was registered as dead before the registration in some of the other registries). In all, 802 (2.5%) individuals emigrated and 186 (0.6%) individuals were lost during follow-up. The mean follow-up time was 1926 days (SD = 1109) for men and 1875 days (SD = 1088) for women. The analyses were adjusted for age at first homeless shelter contact recorded in the Homeless Register, country of origin and main source of income. All analyses were carried out using SPSS (version 18).
Permission to use the data was obtained from the Danish Data Protection Agency (2009-41-4021). Register-based studies in Denmark do not require permission from ethics committees. 
Results
Characteristics of the study population
Predictors of death by suicide and unintentional injury
Gender interacted significantly with a history of psychiatric contact both on risk of dying from suicide (P = 0.04) and unintentional injury (P = 0.09). Further analyses were, thus, conducted separately for men and women to elucidate potential gender differences. Since analyses presented in the tables were performed separately for men and women, they did not allow for comparison of gender effects on mortality. In a separate model, we estimated the direct effect of gender on suicide and unintentional injury mortality and found that men had higher risk of dying from suicide than women [hazard ratio (HR) = 1.5, 95% CI = 1.1-2.0] and unintentional injury (HR = 1.8, 95% CI = 1.5-2.2) (not shown in table).
In terms of sociodemographic covariates, we found that men aged 25-34 years had increased risk of dying by unintentional injury compared with those aged 16-24 years, whereas the age groups 25-34, 35-44 and 45-54 were associated with increased risk in women (table 1) . People from low-and middle-income countries had reduced risk of dying by suicide (not significant in women) and unintentional injury compared with those from Denmark. Furthermore, men with income from employment had reduced risk of dying by unintentional injury.
A dose-response effect was found between an increasing number of shelter visits and death by unintentional injury among men; in women, between two and five homeless shelter contacts were associated with an elevated risk of dying compared with a single contact.
The adjusted regression models revealed an elevated risk of dying by suicide and unintentional injury for individuals with a history of schizophrenia spectrum disorders, alcohol use disorders, drug use disorders, affective disorders and personality disorders when compared with no psychiatric contact (table 2) . Especially, homeless women with psychiatric disorders displayed high risk of dying by suicide. The most pronounced HRs were found for schizophrenia spectrum disorders in both men (HR = 3.1, 95% CI = 2.0-4.9) and women (HR = 15.5, 95% CI = 4.5-54.0) compared with no psychiatric contact. All psychiatric disorders were predictors of death by unintentional injury among men; however, the estimate for affective disorders was only borderline significant. Women with a history of either alcohol or drug use disorders were linked to an increased risk of dying by unintentional injury when compared with no psychiatric contact. Personality disorders had only a borderline significant effect on unintentional injury in women. For unintentional injury, the highest risk estimates were found for drug use disorders in both men (HR = 2.2, 95% CI = 1.8-2.8) and women (HR = 3.1, 95% CI = 1.8-5.4).
A history of a substance use disorder with either alcohol or opioids was a significant predictor of suicide for men (table 3) . For both men and women, any substance use disorder (cannabis was only borderline significant in men, P = 0.10) was associated with elevated risks of dying by unintentional injury compared with those with no history of a substance use disorder.
We also found that psychiatric inpatient contact during the 5 years prior to first being registered in the Homeless Register was linked to an increased risk of dying by suicide and unintentional injury when compared with individuals with no psychiatric contact in this period. Women with emergency room contact as the only type of psychiatric contact were at increased risk of dying by both suicide and unintentional injury compared with those with no psychiatric contact. For men, psychiatric emergency room contact was only a predictor for death by unintentional injury; not suicide. However, men with psychiatric outpatient contact also had increased risk of death by unintentional injury and of the same range as for emergency room contact (table 4) . In comparison to people with no psychiatric contact, men and women who had spent either 3-10 days or more than 10 days as a psychiatric inpatient had elevated risk of dying from suicide and unintentional injury. Women were also at increased risk of dying by suicide (only borderline significant) and unintentional injury if they had spent just 1-2 days as a psychiatric inpatient.
Discussion
To our knowledge, this nationwide study is the first to examine predictors of deaths by suicide and unintentional injury among homeless men and women. The results revealed elevated MRs for suicide and unintentional injury in the Danish homeless shelter population, especially for men. Strong associations were identified between suicide and schizophrenia spectrum disorders, alcohol use disorders, drug use disorders, affective disorders and personality disorders. For suicide, the risk estimates were particularly elevated among the women with psychiatric disorders compared with those with no psychiatric contact. For both genders, the highest risk estimates were found for schizophrenia spectrum disorders. With regard to deaths from unintentional injury, substance use disorders were predictors for both men and women, whereas schizophrenia spectrum disorders and personality disorders were only significant predictors among men. For unintentional injury mortality, the highest risk estimates were found for drug use disorders. A history of psychiatric inpatient admission and Separate adjusted models examine the HR of homeless people with a history of specific types of substance use disorders compared with those not registered with any substance use disorder (reference category). Models are adjusted for age at first homeless shelter contact listed in the Homeless Register, country of origin, main source of income (defined as main source of income at last contact in the Homeless Register), a history of abuse of all other types of drugs, schizophrenia spectrum disorders, affective disorders and personality disorders. Separate models were conducted and adjusted for age at first homeless shelter contact listed in the Homeless Register, country of origin and main source of income (defined as main source of income at last contact in the Homeless Register). The HR of homeless persons with a history of psychiatric contact (defined as any diagnosis of a psychiatric disorder) was calculated relative to homeless persons with no records of previous psychiatric contact (reference category).
d
The HR of homeless persons with a history of specific psychiatric disorders was calculated relative to homeless persons with no records of previous psychiatric contact (reference category). The diagnosis-specific models are additionally adjusted for a history of other psychiatric disorders.
psychiatric emergency room contact were also important predictors for dying by suicide and unintentional injury in the homeless population.
The elevated suicide and unintentional injury mortality levels confirm previous findings among homeless people. 6, 19 Our MRs were higher for unintentional injury than for suicide. This suggests that homeless people are an important high-risk group, especially with regard to unintentional injury. The strong association between substance use disorders and risk of dying by unintentional injury suggests that these disorders explain the excess deaths in this group, which is supported by previous studies. 1, [3] [4] [5] 20 Thus, increased efforts to reduce substance use disorders in the homeless shelter population would likely influence the unintentional injury mortality.
We found strong associations between psychiatric disorders and suicide in accordance with findings for the general population in Denmark. 22, 30 It is well known that substance use disorders alone and in combination with other psychiatric disorders significantly increase the risk of suicide. 22 We did not find significant differences between the risk estimates of different psychiatric disorders and did not examine the risk associated with comorbid substance abuse. However, one might assume that homeless people with, for example, both an affective disorder and a substance use disorder have higher risk of suicide than those with only one psychiatric disorder. In the general population, the suicide risks linked to psychiatric admission were much higher than our estimates for the homeless people. 31 Different measures in the two analyses are likely to explain differences in risk estimates in the two populations. However, it could be that a larger proportion of homeless people with no record of a psychiatric contact have somatic disorders and/or untreated psychiatric disorders than of the general population.
The difference in risk of dying by suicide between those with and without psychiatric contacts was greater for women than men in the homeless population. This is in line with findings for the general population. 31, 32 It is possible that homeless women with psychiatric disorders are more inclined to seek treatment for their problems than men. Thus, the explanation of the gender difference can be that the reference group of homeless men, i.e. those with no psychiatric contact, may have a higher proportion of untreated psychiatric disorders compared with the corresponding group among the women. Another possible explanation is that homeless women have a worse mental health status than the homeless men. 8 Homeless women with psychiatric emergency room contact had a higher risk of dying by suicide and unintentional injury compared with those with no psychiatric contact. This could reflect that these women had mental health problems but were not really engaged in treatment. In addition, an elevated risk of death by unintentional injury was found for homeless men with psychiatric emergency room contact. Our findings suggest that homeless people with a psychiatric admission or emergency room contact constitute important high-risk groups. Homeless patients are more likely than their non-homeless counterparts to use these types of psychiatric hospitalization and less likely to use psychiatric outpatient services. 15 It has been suggested that approaches to socio-medical integration in the emergency departments are important to promote the health among homeless people. 33 Also, high rates of suicide ideation, deliberate self-harm and suicide attempts have been found in homeless people in contact with the mental healthcare services. 34, 35 Individuals with more than one stay in the homeless shelters within the first year of contact had elevated risks of dying by unintentional injury compared with only one stay. People with multiple This variable was constructed using a hierarchical order: 'ever inpatient' includes all people with at least one psychiatric inpatient contact, 'outpatient' includes people with at least one psychiatric outpatient contact and no inpatient contact and 'emergency room only' includes all people with psychiatric emergency room contact but no psychiatric inpatient or outpatient contact.
homeless shelter contacts might represent a group living in a permanent homelessness situation that is likely to be associated with social deprivation, substance use problems and a stressful and unsecure lifestyle. 36, 37 Thus, this group is probably more vulnerable with respect to poisoning, traffic accidents and falls compared with those with only one homeless shelter stay. However, it is possible that people with only one stay during the first year in homelessness are actually permanently homeless.
Our study has several strengths. First, the Homeless Register provides access to a relatively unselected sample of the homeless shelter population. In addition, it is a strength that we were able to examine homeless people in almost all ages including both young people and adults. However, as previous studies primarily have studied selected groups of homeless people, our results might be difficult to compare directly with those. Using individual-level, nationwide and prospectively collected register data, we were able to investigate specific external causes of death for both genders and calculate risk estimates with great power. Additionally, we had access to complete information on psychiatric hospitalization and death.
This study also has limitations. The study population did not include homeless people with no contact to the homeless shelters. These people are likely to have higher morbidity and less likely to use health services than the sheltered homeless people. 38 Furthermore, we had no information on untreated psychiatric disorders or outpatient treatment for substance use disorders. Thus, underestimation of morbidity and mortality is expected. Information on housing status during follow-up was not taken into account, which means some individuals probably ceased to be homeless during the study. This may lead to conservative estimates. Additionally, the design of this study did not allow for direct comparisons with the general population. Future studies should aim to include a relevant control group, e.g. the general population or non-homeless people with psychiatric disorders. Another limitation is that some suicides and unintentional deaths might have been recorded as events of undetermined intent, which were not included in this study. Particularly in homeless people with high prevalence of comorbidity, determining the exact cause of death can be difficult. Additionally, we were unable to control for some potential confounders, e.g. criminality, 39 childhood maltreatment 40 and physical diseases. 9 Furthermore, due to limited periods of coverage by registers, we cannot establish whether homelessness preceded first psychiatric contact or vice versa. Finally, in some of the diagnosis categories or homeless shelter contact groups, the risk estimates were based on only a few cases. This may reduce the strength of the associations.
Our findings can probably be generalized to homeless people from 16 years of age living under similar conditions in other welfare countries with a social safety net. Homeless people are a vulnerable high-risk group due to their elevated suicide and unintentional injury mortality levels. The findings have clinical and political implications showing strong associations between psychiatric disorders and suicide and unintentional injury mortality in the homeless shelter population. Especially, the women with psychiatric disorders seem to be a vulnerable group that deserve special attention with regard to suicide prevention. Additionally, it should be noticed that people with more than one stay in the homeless shelters, and especially men, constitute a high risk group with regard to death by unintentional injury. This study underlines the need to focus more on people in the homeless shelter population with psychiatric disorders when aiming to reduce the elevated levels of suicide and unintentional injury mortality. 
Key points
This large follow-up study confirms that homeless people have high-mortality levels due to suicide and unintentional injury. A history of schizophrenia spectrum disorders, alcohol use disorders, drug use disorders, affective disorders and personality disorders is strongly associated with increased risk of suicide for homeless men and women. Alcohol and drug use disorders are predictors of death by unintentional injury for both homeless men and women, whereas schizophrenia spectrum disorders and personality disorders are only significant predictors among men. A history of psychiatric admission and psychiatric emergency room contact are important predictors of death by suicide and unintentional injury in the homeless population. Homeless people, especially men, with multiple contacts to the homeless shelters constitute a high-risk group with regard to death by unintentional injury.
